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Exploring thirst incidence and risk factors
in patients undergoing general anesthesia
after extubation based on ERAS principles:
a cross sectional study

Zhihe Zeng'", Xinge Lu"*", Ye Sun' and Zhaoyang Xiao'"

Abstract

Background This study aims to comprehend the levels of dry mouth and thirst in patients after general anesthesia,
and to identify the factors influencing them.

Methods The study included all patients transferred to the Post Anesthesia Care Unit (PACU) at the Second Affiliated
Hospital of Dalian Medical University between August 2021 and November 2021 after undergoing general anesthesia.
A thirst numeric rating scale was utilized to conduct surveys, enabling the assessment of thirst incidence and
intensity. Statistical analysis was performed to explore patient thirst levels and the associated factors.

Results The study revealed a thirst incidence rate of 50.8%. Among the thirst intensity ratings, 71.4% of patients
experienced mild thirst, 23.0% reported moderate thirst, and 5.6% expressed severe thirst. Single-factor statistical
analysis of potential risk factors among the enrolled cases indicated that gender, history of coronary heart disease,
surgical duration, intraoperative fluid volume, intraoperative blood loss, intraoperative urine output, and different
surgical departments were linked to post-anesthetic thirst in patients undergoing general anesthesia. Multifactorial
Logistic regression analysis highlighted age, gender, history of coronary heart disease, fasting duration, and
intraoperative fluid volume as independent risk factors for post-anesthetic thirst in patients undergoing general
anesthesia. Moreover, age, gender, history of coronary heart disease, and intraoperative fluid volume were also
identified as risk factors for varying degrees of thirst.

Conclusion The incidence and intensity of post-anesthetic thirst after general anesthesia are relatively high.

Their occurrence is closely associated with age, gender, history of coronary heart disease, fasting duration, and
intraoperative fluid volume.
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Background

As society progresses and medical capabilities improve,
doctors are not only focused on curing patients’ ill-
nesses but also on providing them with a more com-
fortable medical experience. The recovery period after
general anesthesia is crucial for the restoration of vari-
ous bodily functions in patients. Due to factors like pre-
operative fasting, mechanical ventilation during surgery,
and the effects of anesthesia drugs, patients in The Post
Anesthesia Care Unit (PACU) often experience vary-
ing degrees of discomfort, including dry mouth, thirst,
throat discomfort, pain, anxiety, and fear [1, 2]. Thirst
is the most intense symptom experienced by patients
after extubation during the recovery period following
general anesthesia [3], with an incidence rate as high as
67.7% [4]. Thirst not only increases the risk of oral infec-
tions but also hinders the recovery of gastrointestinal
function and reduces the secretion capacity of digestive
glands. It can also lead to significant anxiety and stress,
thereby increasing oxygen consumption and the meta-
bolic burden on organs [5-7]. In severe cases, it might
even induce delirium [8], consequently impacting post-
operative recovery [9-12]. Inadequate attention postop-
eratively, lack of standardized assessment methods, and
incomplete treatment strategies [13] have led to clinical
doctors lacking a systematic identification and evidence-
based management of thirst.

Surgical patients often experience thirst during the
perioperative period due to increased osmotic pressure
or decreased plasma volume. Some studies attribute
thirst to excessively long preoperative fasting periods.
Consequently, shortening these fasting periods has
emerged as a promising avenue of research. However,
this largely overlooks patients’ underlying risk factors.
Existing research mostly focuses on specific surgeries,
such as laparoscopic cholecystectomy [14], or specific
populations, like children [15]. Children, distinct from
adults due to their lower tolerance for thirst and lesser
self-control, are a common subject of such research
[16]. Therefore, this study incorporates various surgical
departments, as well as factors like gender and age, to
investigate the incidence and risk factors of postopera-
tive thirst. This research aims to improve perioperative
diagnostic and treatment approaches, offer personalized
support, and ultimately enhance patients’ perioperative
experiences.

Materials and methods

Participants

This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Dalian Medical Univer-
sity (IRB 2021-113), and written informed consent was
obtained from all subjects participating in the trial. The
trial was registered prior to patient enrollment at the
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China Clinical Trial Registry (ChiCTR) — a primary reg-
istration agency of the World Health Organization Inter-
national Clinical Trials Registry Platform (chictr.org.cn)
(Registration number: ChiCTR2100049748, The Second
Affiliated Hospital of Dalian Medical University, Prin-
cipal investigator: Zhaoyang Xiao, Date of registration:
2021-08-09). This manuscript adheres to the Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines.

The study utilized a cross-sectional design, with sam-
ples collected from all patients transferred to the Post
Anesthesia Care Unit (PACU) of the Second Affiliated
Hospital of Dalian Medical University between August
2021 and November 2021 after undergoing general
anesthesia. Informed consent was obtained from both
patients and their families. The first patient was enrolled
on August 14, 2021. Inclusion criteria: Patients in PACU
recovering from general anesthesia without a history
of oral or head and neck radiotherapy, without kid-
ney dysfunction necessitating hemodialysis, and not on
long-term secretion-suppressing medication. Exclusion
criteria: Patients under 18 years old; patients who, due to
various reasons, are unable to communicate effectively
after regaining consciousness; neurosurgical patients
whose autonomous breathing has recovered but con-
sciousness has not; emergency cases; patients transferred
unexpectedly from PACU to the Intensive Care Unit
(ICU) (Fig. 1).

Outcome ascertainment

The primary outcome was the occurrence of post-anes-
thetic emergence thirst in PACU after endotracheal extu-
bation. The secondary outcomes included the level of
thirst intensity and the subjective willingness of patients
to drink proactively.

Exposure measurement

Thirst Assessment: We evaluated patient thirst using the
Visual Analog Scale (VAS) developed by the National
Institutes of Health in the United States. Patients were
asked to indicate their subjective intensity of thirst by
selecting a point on a numerical assessment scale (VAS),
divided into 10 equal segments [17]. The VAS scale
ranged from O to 10, where scores of 1-3 represented
mild thirst, 4-6 indicated moderate thirst, and 7-10 indi-
cated severe thirst [18]. After providing relevant training
to the PACU staff, we conducted the assessments fol-
lowing a standardized procedure (as illustrated in Sup-
plementary Material) to eliminate variations caused by
differing questioning techniques [19]. We then recorded
both the presence of thirst and the thirst intensity VAS
score (VAS score 0-10) reported by the patients.
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Fig. 1 Flowchart of drainage and narcotics

Covariate assessment

Covariate selection was on the basis of previous investi-
gations and clinical experience. the following variables
was included: demographic information (age, gender,
body mass index, medical history), preoperative fasting
duration, ASA classification, administration of anticho-
linergic drugs (such as atropine, scopolamine), duration
of surgery and anesthesia, intraoperative fluid intake,
blood loss, and urine output.

Statistical methods

SPSS 24.0 software was employed to analyze post-anes-
thetic emergence thirst and the corresponding scores
among extubated patients. Patient characteristics were
summarized, with mean=standard deviation employed
to present normally distributed continuous variables.
Inter-group comparisons were conducted using inde-
pendent sample t-tests, while repeated measures analysis

of variance was used for within-group comparisons of
normally distributed continuous variables. Non-nor-
mally distributed continuous variables were presented
as median (M) and interquartile range (IQR), with inter-
group comparisons being performed through the Mann-
Whitney U test. Categorical data were expressed as
proportions (%), and inter-group comparisons were car-
ried out using the chi-squared test. Variables exhibiting a
p-value of <0.2 in univariate analysis were incorporated
as covariates in the subsequent multivariate analysis. Col-
linearity among variables was assessed utilizing VIF, and
post the removal of variables exhibiting high correlations,
the remaining variables were included in multivariate
binary logistic regression analysis to determine indepen-
dent predictors of thirst. An ordinal logistic regression
analysis was conducted using varying levels of thirst as
the dependent variable, with statistical significance being
denoted by a P-value<0.05.
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Results
Among the included sample of 2695 cases, the mean age
was 51.82 years, with females accounting for 60.1% of the
sample. The average BMI was 24.29 kg/m> ASA Class II
(86.6%) was predominant, with an average surgery dura-
tion of 101 min. Patients with comorbidities of hyperten-
sion, diabetes, and coronary heart disease constituted
18.9%, 8.1%, and 3.2%, respectively (Table 1). When com-
pared with non-thirsty patients, those experiencing thirst
had a lower average age, a higher proportion of coronary
heart disease, longer preoperative fasting and surgery
durations, increased intraoperative fluid balance, and
gynecological surgeries were the most frequent among
various categories of procedures.

Univariate analysis of suspected risk variables revealed
that gender, history of coronary heart disease, surgery

Table 1 Univariate analysis
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duration, intraoperative fluid infusion volume, intraop-
erative blood loss, intraoperative urine output, and dif-
ferent surgical departments (P<0.05) were correlated
factors for post-anesthetic emergence thirst in general
anesthesia patients (Table 1). In order to control for con-
founding effects, variables with p-values<0.2 from the
univariate analysis were utilized as covariates. Collinear-
ity between variables was assessed using VIF, and highly
correlated variables were removed before entering the
remaining variables into a multivariate analysis as inde-
pendent variable set X. Using post-anesthetic emergence
thirst as dependent variable Y, a binary logistic regres-
sion was performed using forward stepwise analysis
(Table 2). The results indicated independent risk factors
for post-anesthetic emergence thirst in general anes-
thesia patients: age, gender, history of coronary heart

Characteristics Thirst Status Summary p
0(n=1324) 1(n=1371)

Age 52.134+15.564 51.515+16.061 51.819£15.819 0.064
Preoperative Fluid Infusion(ml) 160.083 +£336.097 184.179+353.737 172341 +£345.330 0.146
Surgery Duration(min) 96.474+66.694 106.151+80417 101.397+£74.139 0.007
Glycopyrrolate 0.368+0.244 0.375+£0.251 03710247 0.686
Atropine 0.029+0.106 0.032+0.108 0.031+0.107 0.749
Intraoperative Fluid Infusion 0.967 +0.496 1.063+0.588 1.016+0.546 0.000
Intraoperative Blood Loss (ml) 29377+67.778 41574+96.148 35.582+83.633 0.000
Intraoperative Urine Output (ml) 156.798 +253.790 183.585+£293.427 170.425+274.945 0.036
Fasting Duration 10.859+2.569 11.001+2.617 10.931+2.59%4 0171
Gender Female 830(62.69) 789(57.55) 1619(60.07) 0.006

Male 494(37.31) 582(42.45) 1076(39.93)
BMI Group 1 51(3.85) 44(3.21) 95(3.53)

2 597(45.09) 604(44.06) 1201(44.56) 0.143

3 481(36.33) 549(40.04) 1030(38.22)

4 195(14.73) 174(12.69) 369(13.69)
ASA Classification 1 70(5.29) 68(4.96) 138(5.12) 0.268

2 1153(87.08) 1181(86.14) 2334(86.60)

3 99(7.48) 122(8.90) 221(8.20)

4 2(0.15) 0(0.00) 2(0.07)
Diabetes 107(8.08) 112(8.17) 219(8.13) 0.934
Hypertension 241(18.20) 268(19.55) 509(18.89) 0372
Coronary Heart Disease 31(2.34) 54(3.94) 85(3.15) 0.018
Department Group Orthopedics 73(5.51) 71(5.18) 144(5.34) 0.029

Otorhinolaryngology 107(8.08) 116(8.46) 223(8.27)

Gynecology 214(16.16) 246(17.94) 460(17.07)

Hepatobiliary Surgery 113(8.53) 106(7.73) 219(8.13)

Spinal Surgery 31(2.34) 58(4.23) 89(3.30)

Thyroid Surgery 163(12.31) 118(8.61) 281(10.43)

Urology 175(13.22) 214(15.61) 389(14.43)

Breast Surgery 56(4.23) 63(4.60) 119(4.42)

Neurosurgery 19(1.44) 16(1.17) 35(1.30)

Gastrointestinal Surgery 75(5.66) 77(5.62) 152(5.64)

Thoracic Surgery 187(14.12) 174(12.69) 361(13.40)

Other 63(4.76) 68(4.96) 131(4.86)
Anticholinergic Drug Use 459(34.67) 474(34.57) 933(34.62) 0.959
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Characteristics Regression Coefficient Standard Error z-Value  Wald x2 p Value 0Odds Ratio (OR) 95% Cl of OR
Gender 0.232 0.08 2.884 8318 0.004 1.261 1.077 ~1476
Age -0.006 0.003 -2.464 6.071 0014 0.994 0.989~0.999
Coronary Heart Disease 0.528 0.235 2.251 5.066 0.024 1.696 1.071~2.686
Fluid Infusion 0.385 0.077 5.021 25.215 0 1.469 1.264~1.707
Fasting Time 0.034 0.015 2205 4.862 0.027 1.034 1.004 ~ 1.066
0% 0% 68.928%
71.408%
64% 56%
48% 42%
32% 28%
22.976% 19.912%
16% 14%
5.616% 7.002% 4.158%
. L] . B =
Mild Thirst Moderate Thirst Severe Thirst ‘Want to drink ‘Drink water Extremely eager Don't want
water or not to drink water to drink
a b
Fig. 2 Proportion of Different Thirst Levels (a) and Drinking Preferences (b)
Table 3 Summary of ordered logistic regression model analysis results
Characteristics Regression Coefficient  Standard Error  z-Value Waldx2 pValue Odds Ratio(OR) 95% Cl of OR
Age (years) -0.007 0.002 -2.772 7.684 0.006 0.993 0.989~0.998
BMI(kg/m?) 0.001 0.011 0.086 0.007 0932 1.001 0.980~1.022
Surgery Duration (h) 0.054 0.035 1.552 2409 0.121 1.055 0.986~1.129
Fluid Infusion (L) 0213 0.093 2294 5261 0.022 1.237 1.031~1.483
Intraoperative Blood Loss (ml) 0.001 0.001 1171 1371 0.242 1.001 1.000~ 1.002
Gender 0.209 0.076 2.759 7613 0.006 1.232 1.062~1.429
Coronary Heart Disease 0.44 0.211 2.089 4.366 0.037 1.553 1.028 ~2.347

disease, preoperative fasting duration, and intraopera-
tive fluid infusion volume (Table 2). Moreover, the occur-
rence rate of post-anesthetic emergence thirst was higher
in males than in females, with males having a 1.26-fold
increased risk (OR: 1.261, 95% CI 1.077 ~ 1.476). Patients
with a history of coronary heart disease had a 1.7-fold
increased risk (OR: 1.704, 95% CI 1.071~2.686). Each
additional hour of preoperative fasting increased the risk
by 1.034-fold (OR: 1.034, 95% CI 1.004 ~ 1.066). For each
additional liter of intraoperative fluid infusion, the risk
increased by 1.469-fold (OR: 1.469, 95% CI 1.264 ~1.707).
Age demonstrated a significant negative relationship with
thirst; the older the age, the lower the risk of post-anes-
thetic emergence thirst (OR: 0.994, 95% CI 0.989 ~0.999).

Among these patients experiencing post-anesthetic
emergence thirst, 71.4% had mild thirst, 23.0% had
moderate thirst, and 5.6% had severe thirst (Fig. 2a).
Among them, 4.2% stated no desire to drink water, 19.9%

expressed indifference towards drinking water, 69.0%
expressed a desire to drink water, and 7.0% strongly
expressed the desire to drink water (Fig. 2b). Employing
different levels of thirst as the dependent variable, ordinal
logistic regression analysis identified age, gender, history
of coronary heart disease, and intraoperative fluid infu-
sion volume as risk factors for varying degrees of thirst
(Table 3).

Discussion

This study represents the inaugural exploration into the
occurrence rate and risk factors of post-extubation thirst
among general anesthesia patients. Due to increased
osmolarity or decreased plasma volume, surgical patients
often experience thirst during the perioperative period.
In this study, the occurrence rate of thirst following
extubation in general anesthesia patients was found to
be 50.9%. Among the graded levels of thirst, 71.4% of
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patients reported mild thirst, 23.0% moderate thirst, and
5.6% severe thirst. Statistical analysis was conducted on
suspected risk factors among the enrolled cases. Uni-
variate analysis identified 7 factors that influence the
occurrence of post-extubation thirst in general anesthe-
sia patients, namely, gender, history of coronary heart
disease, surgery duration, intraoperative fluid infusion
volume, intraoperative blood loss, intraoperative urine
output, and different surgical departments. Binary logis-
tic regression analysis revealed that age, gender, history
of coronary heart disease, preoperative fasting duration,
and intraoperative fluid infusion volume were indepen-
dent risk factors for post-extubation thirst in general
anesthesia patients. Among these, age, gender, history of
coronary heart disease, and intraoperative fluid infusion
volume were also identified as risk factors for different
levels of thirst.

a physiological perspective, the sensation of thirst pri-
marily arises due to decreased fluid volume and increased
concentration of osmotically active particles (osmolarity)
[20]. An elevation in the concentration of solutes, includ-
ing sodium, glucose, and other small particles, increases
osmolarity. In males, the stimulation of red blood cell
growth and development by male hormones leads to a
higher red blood cell count and higher hematocrit com-
pared to females, indirectly affecting blood viscosity and
resulting in higher blood viscosity indices in males than
in females. Hence, it is worth investigating whether male
patients are relatively osmotically active compared to
female patients. Currently, there is no relevant research
on this, warranting further exploration of the relationship
between the two. Cardiovascular diseases often entail
changes in hemodynamics and hemorheological param-
eters (plasma viscosity, whole blood high shear viscosity,
whole blood low shear viscosity, hematocrit, fibrinogen).
Among these, blood viscosity is a crucial hemorheo-
logical parameter. Patients with cardiovascular diseases
experience changes due to long-term accumulation of
pathological characteristics, necessitating reductions in
cardiac circulatory load, constraints on fluid intake, and
maintenance of negative fluid balance, ultimately leading
to increased plasma osmolarity. When plasma osmolar-
ity rises, cells undergo dehydration, which subsequently
raises blood viscosity and frequently exacerbates symp-
toms of thirst and dry mouth.

High osmolarity and low blood volume result from
pathological and physiological factors, preoperative fast-
ing, and perioperative fluid loss. Fasting stimulates hypo-
thalamic osmoreceptors and the thirst center through
mechanisms including water loss, reduced blood glu-
cose levels, and depletion of extracellular fluid. Thirst
arises when stimulation of the hypothalamic satiety
center decreases while stimulation of the feeding cen-
ter increases [21]. Dilmen et al’s study [22] found that

Page 6 of 8

preoperative carbohydrate intake, which shortens fasting
time, had a positive effect on postoperative thirst, align-
ing with the conclusions of this study.

Fitzsimons’ study [23] revealed that experimental ani-
mals consumed more water when subjected to perito-
neal dialysis or blood withdrawal, reducing fluid volume
without altering plasma osmolarity. This indicates that
decreased plasma volume stimulates the thirst center,
generating a sense of thirst and prompting increased
water intake [24]. Clinically, hemodynamically unstable
patients are often characterized by low blood volume
[25]. A meta-analysis [26] concerning the use of hydroxy-
ethyl starch in surgery demonstrated that compared
to crystalloids alone, the use of hydroxyethyl starch
improved hemodynamic stability and reduced the need
for vasopressors (P<0.001). This implies that hydroxy-
ethyl starch compensates for hemodynamic instability
due to low blood volume. Consequently, the higher risk of
thirst occurrence associated with supplementing patients
with crystalloids and colloids in our study may be attrib-
uted to the possible hemodynamic instability induced by
colloids. These patients might have experienced insuffi-
cient blood volume before surgery. Of course, this con-
jecture necessitates the exclusion of premises such as the
presence of preoperative hypertension and poor vascular
elasticity to definitively establish that insufficient blood
volume causes hemodynamic instability in patients.

Over the past 20 years, the concept of Enhanced
Recovery After Surgery (ERAS) has rapidly and compre-
hensively developed since its introduction [27]. ERAS
aims to apply evidence-based, multi-modal optimiza-
tion protocols through interdisciplinary collaboration,
with innovative minimally invasive surgical techniques
as the core, to reduce perioperative futile and ineffective
medical interventions, stress responses, organ dysfunc-
tion, and related complications. We now anticipate not
only successful surgery, reduced operation time, minimal
incisions, and postoperative pain, but also a more com-
fortable perioperative experience based on ERAS prin-
ciples. Shortening patient recovery time, increasing bed
turnover rate, improving medical resource utilization
efficiency, and alleviating the burden on healthcare insur-
ance are the ultimate goals [28-30].

Up to now, most research on alleviating postoperative
thirst has occurred abroad, with relatively little attention
in China. The related interventions are relatively simple
and non-invasive. It is necessary to intervene in control-
lable risk factors to reduce the occurrence of postopera-
tive thirst. This study employs thirst as a diagnostic label,
aiming to raise awareness among scholars about the
high incidence of postoperative thirst and its significant
impact on postoperative complications. The goal is to
shift the focus towards solving the issue of postoperative
thirst and devising relief strategies for high-risk patients.
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However, this study has certain limitations. Firstly, the
assessment of thirst primarily relies on patients’ subjec-
tive feelings without supplementation from relevant
scales such as resting salivary flow rate, leading to a posi-
tive bias. Secondly, the lack of physiological data such as
central venous pressure (CVP) and osmolarity may have
affected the accuracy of the analysis. Thirdly, the study
subjects were all from the same tertiary comprehensive
hospital, lacking external validation. Future research
should incorporate data from multiple centers to obtain
a more representative sample, thus addressing the root
cause to alleviate the degree of thirst and improve post-
operative complications.

Conclusion

The occurrence rate of postoperative thirst after gen-
eral anesthesia is high. Statistical analysis of the enrolled
cases indicates that age, gender, history of coronary heart
disease, preoperative fasting duration, and intraopera-
tive fluid infusion volume are independent risk factors for
postoperative thirst after general anesthesia.
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